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SURVEY OF BIOCI.EAK FACILITIES 
The f u t u r e  space ex2laratioi-i program w i l l .  r e q u i r e  a 
s l g n l f i c a n c  amber  of  s t e r i l e  s 2 a c e c r a f t .  
I n  t k e  producLlon of t h e s e  s t e r i l e  s p a c e c r a f t  w l l i  be t h e i r  
assembly i n  bioc lean  f a c i i i t i e s ,  and p r e f z r a b f y  i n  q u a l i f i e d  
e x i s c i n g  f a c i l i t i e s  r a t h e r  than i n  s t r u c t u r e s  s p e c i f i c a l l y  con- 
s t r u c t e d  f o r  t h i s  purpose.  
iiTRi conducted a survey of a s e l e c t e d  c r o s s  s e c t i o n  of p r e s e n t l y  
ope ra t ing ,  concamination c o n t r o l l e d  a r e a s  t o  determine t n e  
requirements f o r  t h e i r  conversion t o  b ioc lean  rooms for the  
a s s a r h l y ,  checkout, and decontamination of sma l l  s p a c e c r a f t ,  
An e s s e n t i a l  phase 
Under Contract  No., NASr-65(06), 
- 
i h i s  f i n a l  r e p o r r  i s  i s s u e d  i n  t h r e e  volumes. 
Volume 1 - Guideimes  f o r  Eva lua t ion ,  Conduc; sf 
Survey, and Cost Es t imat ion  f o r  Notifications 
Volume XI - Overa l l  Conclusions,  Recommendations, had 
Summaries of h d i v i d u a l  F a c i l i t i s s  
L’olume III - D e t a i l e d  R e s u l t s  and Evalua t ions  of  
Lndividual F a c i l i t i e s  - 
Joiume 1 w i l l  be made a v a i l a b l e  g e n e r a l l y .  
and -1; ijill be r e s t r i c t e d  to use  by NASA personnel  on ly .  
Vo’I,:nes 11 
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ii 
Each of t h e  companies p a r t i c i p a t i n g  i n  t h e  survey w i l l  r e c e i v e  
a copy of Volume I and the r e s u l t s  and eva lua t ions  of t h e i r  
p a r t i c u l a r  - f a c i l i t y  a s  presented  i n  Volume 1x1. 





The on- s i t e  surveys and eva lua t ions  w e r e  conducted by 
. r  
Charles Hagen, Sol Miller ,  Malcolm Nelson and John Stockham. 
The engineering c o s t  es t imates  f o r  those  f a c i l i t i e s  which were 
deemed s u i t a b l e  for modif icat ion were prepared by Rudolf Zastera .  
i 
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SURVEY OF BIOCLEAN FACILITIES 
Volume I 
1. INTRODUCTION 
The Committee on Space Research (COSPAR) has recommended 
that: Mars be dec lared  a b i o l o g i c a l  preserve  t o  ensure  t h a t  t h e  
b i o l o g i c a l  ob jec t ives  of missions t o  Mars receive f i r s t  p r i o r i t y .  
A study group convened by COSPAR has recommended t h a t  t h e  prob- 
a b i l i t y  t h a t  a s i n g l e  v i a b l e  organism be aboard any v e h i c l e  
intended for p lane ta ry  landing be less  than 1 x and t h a t  
t he  p r o b a b i l i t y  of a c c i d e n t a l  p l a n e t a r y  impact by an u n s t e r i l i z e d  
f ly-by or  o r b i t e r  be less than 3 x 
i n i t i s 1  2er iod o f  p l a n e t a r y  explora t ion  by a landing v e h i c l e .  
u n t i l  t h e  end of t h e  
The United S t a t e s  space program w i l l  t h e r e f o r e  r e q u i r e  
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a s i g i l , c a n t  number of steri le s p a c e c r a f t ,  and an  essen.La1 
par'i: of che production of these  s t e r i l e  s p a c e c r a f t  w i l l  be 
t h e i r  assembly i n  b ioc lean  f a c i l i t i e s .  
q u a l i r i e d  e x i s t i n g  f a c i l i t i e s  r a t h e r  than  s p e c i a l l y  cons t ruc t ed  
It i s  p r e f e r a b l e  t h a t  




s i r t i c t u r e s  be used for this purpose. A r t i c l e s  descr ib ing  
s ;>acecraf t  s t e r i l i z a t i o n  s tandards and the  microbia l  contamina- 
t i o n  I n  c lean  assembly a reas  have r e c e n t l y  appeared i n  t h e  
l i t e r a t u r e  or  have been presented a t  t echn ica l  meetings.  1-6 
ILTRI was con t r ac t ed  by t h e  NASA t o  perform an o n - s i t e  
survey of  a s e l e c t e d  c ros s  s e c t i o n  of p r e s e n t l y  ope ra t ing  c l ean  
assembly a reas .  These a r e a s  were t o  be eva lua ted  t o  determine 
t h e i r  s u i t a b i l i t y  f o r  conversion t o  b ioc lean  rooms f o r  t h e  
assembly, checkout,  and decontamination of smal l  s p a c e c r a f t .  
The  c o n t r a c t  c a l l e d  €or a survey of up t o  23 c lean  room f a c i l i t i e s .  
V i s i t s  were made t o  25  companies i n  t h e  aerospace f i e l d  and a 
t o t a l  of 32 c lean  room f a c i l i t i e s  were eva lua ted .  A l i s t  of  
t h e  companies v i s i t e d  i s  presented i n  Appendix A. 
:-he on - s i t e  inspec t ions  were performed by two 2-man 
3ne member of each team was a b a c t e r i o l o g i s t  and t h e  tsamsr 
other a s c i e n t i s t  from t h e  Fine  P a r t i c l e s  Research Sec t ion .  
E a c h  was well versed i n  contamination c o n t r o l  and c l ean  room 
des ida and opera t ion  
A check l i s t  w a s  completed for each f a c i l i t y  i n s p e c t e d ,  
The ;aci; i ty survey f o r  each company was conducted i n  two 
phascs over a per iod  of  one t o  two days. One phase cons i s t ed  
of L-sc;ssions of t h e  company's contamination c o n t r o l  ?h,losophy 
aria 4 r,view of monitoring records and engineer ing drawings a f  
zne Zac- i i ty  t o  be inspec ted .  The second phase cons i s t ed  of 
a n  ir .spsction of t h e  f a c i l i t y  t o  v e r i f y  and expaad on Lhe 
prev,ous d iscuss ions .  A r epor t  was prepared desc r ib ing  each 








f a c i l i t y ,  d e t a i l i n g  t h e  r e s u l t s  of t h e  d iscuss ions ,  and p r e -  
s e n t i n g  IITRI's eva lua t ion  as t o  the s u i t a b i l i t y  f o r  upgrading 
che f a c i l i t y  t o  a b ioc lean  assembly area. Where t h e  eva lua t ion  
i n d i c a t e d  t h a t  a f a c i l i t y  w a s  s u i t a b l y  cons t ruc ted  and loca ted  
f o r  a l t e r a t i o n  t o  a b ioc lean  a r e a  a c o s t  estimate w a s  prepared 
by XITRI f o r  t h e  modif icat ion requirements.  
2 .  GUIDELXNES FOR THE EVALUATION OF BIOCLEAN FACILITIES 
An e s s e n t i a l  o b j e c t i v e  o f  t h e  survey has  been t o  evalu- 
a te ,  on a comparative b a s i s ,  t h e  s u i t a b i l i t y  of t h e  f a c i l i t i e s  
v i s i c e d  f o r  the b ioc lean  assembly of s p a c e c r a f t .  Thus, i t  
w a s  e s s e n t i a l  t o  lay  down a set of b a s i c  requirements which 
should be m e t  by such f a c i l i t i e s .  These requirements o r  
gu ide l ines  were repor t ed  i n  an i n t e r i m  r e p o r t  
marized below. The need f o r  a b ioc lean  f a c i l i t y ,  as opposed 
K O  a r e l i a b i l i t y  c l e a n  f a c i l i t y ,  i s  being quest ioned by t h e  
aerospace indus t ry  and t h e  NASA. The ques t ion  can  probably 
only be resolved through comparing assays  of i t e m s  assembled 
i n  both ~ y p e s  of f a c i l i t i e s .  
expense of a b ioc lean  f a c i l i t y  and t h e  p o s s i b l e  complicacions 
bioc1ea-i r e s t r i c t i o n s  may have on t h e  assembly of  s p a c e c r a f t .  
Bioclean requirements,  t h e r e f o r e ,  are c o n t i n u a l l y  being 
revL3cd as new information becomes a v a i l a b l e .  The reqi.i;rements 
as b L ~  ,or th  below do no t  r ep resen t  e i t h e r  t h e  cu r ren r  i)r 
f u t u z e  s p e c i f i c a t i o n s  of t h e  NASA. Nevertheless ,  they are 
s u f f - c L a t l y  r e p r e s e n t a t i v e  t h a t  they provide an adequate 
genera l  background f o r  t h e  comparative eva lua t ions .  
7 and are sum- 
NASA is  w e l l  aware of t h e  
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2 . 1  Decomtarnination and S t e r i l i z a t i o n  of Spacecraf t  
Space probes which r equ i r e  b ioc lean  assembly and 
s t e r i l i z a t i o n  w i l l  probably be assembled i n  l a m i n a r  downflow 
c l ean  rooms. Spec i f i ca t ions  f o r  t hese  c lean  areas are taken 
from two documents 8 ' 9  published by t h e  Sandia Corporation. 
These s p e c i f i c a t i o n s  suggest  t h a t  t h e  assembly area should 
meet t he  c l e a n l i n e s s  requirements e s t a b l i s h e d  f o r  a Federal  
Standards 209, Class 100 clean area. The biocontamination i n  
3 t he  room a i r  should be 0.5 v i a b l e  p a r t i c l e s / f t  
v e n c i i a t i n g  system i n  operat ion,  and wi th  t h e  room unoccupied 
except f o r  t h e  necessary tes t  personnel.  
a i r  w i t h  t h e  
Three types of sampling devices  should be  used t o  
monitor t h e  area. The t o t a l  p a r t i c u l a t e  a i r b o r n e  material, 
0.5+ and l a r g e r ,  should be  continuously monitored and cont in-  
uously recorded using a l i g h t - s c a t t e r i n g  p a r t i c l e  counter .  
a i rbo rne  b i o l o g i c a l  material should be sampled i n  a b i o l o g i c a l  
s l i t  impactor sampler  w i th  the  b i o l o g i c a l  media being t r y 2 t i c a s e  
soy agar  and incubat ion being a t  32°C f o r  72 hours.  The v i a b l e  
pa r t i c l e  f L l l o u t  onto su r faces  should be monitored using s t a i n -  
less steel  s t r i p s ,  1 x 2 x 0.06 i n .  The s t r i p s  should be 
s t e r i l i z e d  a t  1 8 0 ° C  f o r  90 minutes, and should be exposed from 
one t o  52 weeks i n  t h e  assembly area. S ix  of  t h e s e  s t r i p s  
from chree loca t ions  should be removed t w i c e  a week and 
assayLd by r i n s i n g  t h e  s t r i p s  i n  1% peptone w a t e r  and p l a t i n g  
on soy agar .  
The 
The biocontamination of  t h e  garments worn i n  t h e  clean 
I I T  R E S E A R C H  t N S i l T U T E  
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a r e a  should be monitored by sampling t h r e e  garments each week. 
A t  least  10% of a l l  parts passing i n t o  t h e  assembly area 
should be assayed f o r  b i o l o g i c a l  load. These tests may be 
d e s t r u c t i v e  t o  the  p a r t s  t e s t ed .  
Tools should be  bioassayed by impression p l a t e s ,  swab, 
o r  t o t a l  immersion techniques.  The personnel  working i n  t h e  
aszeinbly area should have their s k i n  checked once a week f o r  
n i c r o b i a l  quant i ty .  The places checked should be t h e  cheek, 
hair, c h e s t ,  back, forearm, p a l m ,  and o t h e r  p laces  as requi red .  
Leakage around and i n  t h e  f i l c e r  system of t h e  assembly area 
should be t e s t e d  us ing  a d i o c t y l p h t h a l a t e  (DOP) smoke genera tor  
and an ae roso l  photometer. A t  t h e  p re sen t  t i m e ,  no uniform 
l eak  check procedure has been accepted as s tandard  by t h e  
contaminaeion c o n t r o l  indus t ry .  
Zecause a p a r t i a l l y  assembled s p a c e c r a f t  may be exposed 
t o  contan ina t ion  during tests which may have t o  be performed i n  
f a c i l i t i e s  t h a t  cannot be kept t o  b ioc lean  room s tandards  i t  
w i l l  de necessary t o  decontaminate t h e  s p a c e c r a f t  before  they 
are re turned  t o  t h e  b ioc lean  a r e a  f o r  f u r t h e r  assembly work. 
For t h i s  purpose, each assembly area w i l l  r e q u i r e  an e thylenc  
oxide decontamination chamber of s u i t a b l e  s i z e  to c o n t a i a  a 
spacecraLr.  
by t h e  use  of c l ean  assembly and decontamination tech- 
niqGLd i; i s  a n t i c i p a t e d  t h a t  a s p a c e c r a f t  can be broughc t o  
t h e  poinc of te rmina l  s t e r i l i z a t i o n  wi th  no t  more than a t o t a l  
of 10 organisms on board.  s 
. R E S E A R C H  I N S T I T U T E  
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The a c t u a l  goa l  e s t ab l i shed  by COSPAR>Y f o r  Mars landers  
i s  a p r o b a b i l i t y  of l ess  than 1 i n  10,000 o r  t h a t  a s i n g l e  
organism w i l l  be on board. Laboratory s t u d i e s  of t h e  k i n e t i c s  
of dry-heat s t e r i l i z a t i o n  with r e s i s t a n t  microorganisms i n d i c a t e  
t h a t  a t  135°C a b a c t e r i a l  populat ion would be reduced 1 loga- 
r i t hm ( o r  a f a c t o r  of 10 reduct ion)  f o r  every 1.8 hours of 
exposure. I f ,  as assumed, a s p a c e c r a f t  would con ta in  some- 
where on the  order  of 10 b a c t e r i a ,  then t o  achieve t h e  d e s i r e d  
p r o b a b i l i t y  l e v e l  of lom4 chances of a s i n g l e  v i a b l e  c e l l  
remaining on t h e  s p a c e c r a f t  a r ~ luction of 12 logar i thmic  c y c l e s  
8 
would have t o  be e f f e c t e d .  
TLt i s  p resen t ly  assumed t h a t  a l l  components w i l l  be 
made coinpatible w i t h  a t e r m i n a l  h e a t  s t e r i l i z a t i o n  cyc le .  
However, i t  i s  p o s s i b l e  that no more than one hea t  s te r i l i -  
ztizion cyc le  w i l l  be permit ted f o r  a l l  components and t h i s  w i l l  
presumioly be t h e  te rmina l  cyc le  on t h e  f u l l y  assembled space- 
c r a f t  f u s t  p r i o r  t o  launch. I n  a l l  p r o b a b i l i t y  t h e  t e rmina l  
hea;: s s e r i l i z a t i o n  w i l l  be  performed a t  t h e  launch s i t e  and 
w i l l  not  be a p a r t  of t h e  assembly area f a c i l i t i e s .  
2.2 The Size,  Number, and Mobil i ty  of Spacecraf t  
Components and Subassemblies 
The components and subassemblies which w i l l  be received 
inco a bioclean assembly a r e a  have been assumed t o  range i n  
s i z k  from 1 i n  t o  1 f t  and weigh from 1 l b  t o  100 l b .  These 3 3 
* 
COSPAR Resolut ion 26.5, 1965. 
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items w i l l  be rece ived  b i o l o g i c a l l y  packaged. They w i l l  have 
been assembled i n  a b ioc lean  room and decontaminated wi th  
e thylene  oxide but  no t  s t e r i l i z e d .  A s u r f a c e  decontamination 
process  may be invoked on a l l  p a r t s  rece ived  i n t 6  the b ioc lean  
assembly area. 
The completely assembled s p a c e c r a f t  i s  assumed t o  be  
i n  one of  two approximate ca t egor i e s .  
Category I - Shape: 60" cone 
Size :  12  f t  d iameter  a t  t h e  base  and 
Weight:1000 l b s .  
12 f t  h igh  
Category I1 - Shape: 60" cone 
S ize :  20 f t  diameter  a t  t h e  base  and 
Weight:6000 l b s .  
The c l ean  room f a c i l i t i e s  are des igna ted  as s u i t a b l e  
f o r  nodLficat ion f o r  assembly of  1, 2 o r  3 s p a c e c r a f t  i - n  one 
of t h e  above ca t egor i e s .  
20 f t  h igh  
For each proposed mission there may be r equ i r ed  a 
t o t a l  oi four  f l i g h t  u n i t s  and one assay  model. Furthermore, 
each o f  these u n i t s  may r e q u i r e  t h e  use of a b ioc lean  assembly 
area fo r  a t i m e  per iod  of 6 t o  12 months. A very  approximate 
a n n u l  output  of  one o r  two 12-f t  spacec ra f t  pe r  yea r  and two 
o r  c x e e  20- f t  spacec ra f t  per y e a r  has  been assumed. All space- 
era,: ac any s t a g e  of  assembly may be  l i f t e d  and moved from 
undexe;ch. Therefore ,  overhead cranes  w i l l  no t  be  e s s e n t i a l  
t o  b loc iean  areas, a l though they may be b e n e f i c i a l .  
: .  ,  
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Many tests on t h e  spacec ra f t  will be accomplished i n s i d e  
t h e  bioclean area using po r t ab le  equipment. 
t es t  equipment w i l l  no t  exceed 1 / 4  of t h e  s i z e  of t h e  space- 
c r a f t .  However, i t  may be necessary t o  tes t  the p a r t i a l l y  o r  
f u l l y  assembled s p a c e c r a f t  ou t s ide  t h e  c l ean  room, perhaps 
up t o  3 t i m e s ,  throughout t h e  course  of assembly. 
equipment moved i n t o  t h e  b ioc lean  area w i l l  a l s o  r e q u i r e  
decontamination. T e r m i n a l  s t e r i l i z a t i o n  of t h e  s p a c e c r a f t  
w i l l  be accomplished wi th  dry hea t .  
2 . 3  Space Requirements for Bioassembly 
Any s i n g l e  i t e m  of 
A l l  test 
The bioassembly of spacec ra f t  w i l l  r e q u i r e  three 
sepa ra t e  areas: (1) t h e  assembly area, (2) t h e  decontamination 
area, and (3) t h e  support  area. The assumed space requirements 
for t hese  areas are shown i n  Table 1, and a p o s s i b l e  layout  
i s  shown i n  Figure 1. 
The assembly area will be laminar  downflow w i t h  a 
g r a t i n g  f l o o r  and a c e i l i n g  composed of  HEPA (High Eff ic iency  
P a r t i c u l a t e  A i r )  f i l t e r s .  Each assembly area f o r  t h e  12 - f t  
spacec ra f t  w i l l  r e q u i r e  f l o o r  dimensions of 20 f t  x 20 f t  and 
an i n t e r i o r  v e r t i c a l  c learance  of 15 f t .  The abso lu te  minimum 
e x t e r i o r  v e r t i c a l  c learance  is 2 1  f t  w i t h  28 f t  d e s i r a b l e .  
Thus, f o r  a bu i ld ing  t o  accept  t h e  assembly of t h i s  s i z e d  
spacec ra f t  i t  must have a c learance  below t h e  bu i ld ing  t r u s s e s  
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A .  R E C E P 7 i O N  AREA 
6. LOCKER ROOM 
C. TOILET 
D. REST AREA 
E. WATER SHOWER 
F. PERSONNEL DRYER 
G. E~oCLEAN LOCKER ROOM 
H. kiR SHOWERS 
J. GLASSWARE WASHING 
K. MEDIA PREPARATION 
0 PASS-THRUS 
-HIGH BAY DOORS 
L. EXPOSED SAMPLE ASSAY 
M.MEDIA DISPENSING 
N. ASSEMBLY AREA NO. I 
P. ASSEMBLY AREA N 0 . 2  
Q. ASSEMBLY AREA NO, 3 
R. E 7 0  AREA 
S. HALL, 25' CEILING 
T: GENERAL SUPPORT AREA 
30 x30 x 25 
30x30 x25 
3 0 x 3 0 ~ 2 5  
30x 30x25 
+I DOORS 
O H l G H  BAY 
FIGURE I a SUGGESTED BIOCLEAN FACILITY FLOOR 




of a t  l e a s t  21 fee t .  The assembly of t h e  20 f t  spacec ra f t  w i l l  
r e q u i r e  floor dimensions of 30 ft x 30 ft wi th  an i n t e r i o r  
v e r t i c a l  c learance  of 25 f e e t .  
t h i s  assembly a rea  w i l l  be 31 ft wi th  38 f t  d e s i r a b l e .  
The decontamination a r e a  w i l l  r e q u i r e  t h e  same space 
The minimum e x t e r i o r  he ight  of 
requirements as t h e  assembly areas. Since it e s s e n t i a l l y  se rves  
as a n  a i r l o c k  i n  a d d i t i o n  t o  a decontamination chamber it 
should be a b l e  t o  m e e t  c lean room requirements,  and thus  i t  should 
a:,o L., a laminar downflow room. Minimum humidity r equ i r e -  
I 
~ 
ments of 35% should be m e t ,  and provis ion  m u s t  be made f o r  
i n j e c t l n g  and exhaust ing e thylene  oxide i n t o  and from t h e  
. I  system. The u s e  of t h e  e n t i r e  room as a decontamination chamber 
has not  been c r i t i c a l l y  eva lua ted  by IITRI. However, i f  i t  I 







oxide concent ra t ion  wi th in  the  e n t i r e  room, a p l a s t i c  c u r t a i n  
, 
or  shroud could be provided to surround t h e  s p a c e c r a f t  during I 
ti;, decantamination t o  reduce t h e  gas volume requ i r ed .  
I 
I 
The t o t a l  support  f u n c t i o n s  f o r  t h e  b ioc lean  assembly I 
I 
a r L  .s 
nGi,.ial Le i l ing  h e i g h t s ,  8-1/2 t o  10 f e e t .  
be , i t x r  convent ional  flow o r  laminar flow types.  Federal  
S t z a d x d  209, Class 10,000 should be s a t i s f a c t o r y  f o r  izhe 
opL:at;ons t o  be  performed i n  t h e  support  area.’ The support  
r e q u i r e  approximately 3000 f t 2 ’ o f  f l o o r  a rea  wi th  
These a r e a s  could 
1 
I 
S Z ~ G  can be subdivided i n t o  three f u n c t i o n a l  a r eas  (a )  2ersonnel  
su220r t ,  (b)  gene ra l  support ,  and ( c )  b i o l o g i c a l  suppor t .  I 
I l l  R E S E A R C H  I N S T I T U T E  
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E 'E 
These a reas  do not  necessa r i ly  r e q u i r e  d i v i s i o n  by phys ica l  
w a l l s  but t h e  advantage o f  doing so  i s  c lear .  
The personnel support  area w i l l  r e q u i r e  approximately 
800 sq f t  and w i l l  inc lude  such func t ions  as a r ecep t ion  area, 
locker  room, t o i l e t s ,  w a t e r  shower, personnel  dryer ,  rest room, 
b ioc lean  d res s ing  room w i t h  s t e r i l e  lockers ,  and a i r  shower. 
Although these  survey gu ide l ines  and c o s t  estimates inc lude  a 
water shower f o r  employees, i t  i s  p o s s i b l e  t h a t  a shower w i l l  
not b e  recommended because of t h e  increased  shedding of s k i n  
p a r t i c l e s  during the  per iod  a few hours immediately a f t e r  
showering. 
t h e  personnel support  area w i l l  have t o  be expanded t o  inc lude  
a d d i t i o n a l  t o i l e t s ,  l ocke r s ,  and showers. 
If  employees of both sexes are used i n  t h e  f a c i l i t y  
A gene ra l  support  a r ea  of approximately 900 square 
f e e t  w i l l  be r equ i r ed  f o r  such func t ions  as p a r t s  r ece iv ing ,  
s to rage ,  c leaning ,  inspec t ion ,  and par t ic le  monitoring. 
A b i o l o g i c a l  support  area of approximately 1,000 sq f t  
will be r equ i r ed  f o r  such func t ions  as glassware washing, media . 
dispensing,  sample s t o r a g e ,  and incubat ion ,  and count ing of 
exposed samples .  
3 .  COST ESTIMATES FOR MODIFICATION OF FACILITIES 
The b a s i s  f o r  t h e  s t r u c t u r a l  c o s t  estimates f o r  modify- 
i n g  f a c i l i t i e s  t o  t h e  bioclean assembly areas are presented  i n  
Tables 2 and 3 .  Cost estimates inc lude  material, l abo r  and 
equi2ment c o s t s  based upon averaged p r i c e s  over  twenty-s ix  
major c i t i e s . "  Costs i n  s p e c i f i c  l o c a l i t i e s  may vary  by as 
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14 
much as +27% t o  -13% of the n a t i o n a l  averages. 
laminar downflow area f o r  each 12 f t  s p a c e c r a f t  have been 
e s t ima ted  t o  c o s t  approximately $37,100 o r  $92.75 p e r  square  
foo t .  For the 20 f t  s p a c e c r a f t  the e s t ima ted  t o t a l  c o s t  of 
each assembly area i s  $70,800 o r  $78.67 p e r  square  foot .  
f igures have been rounded o f f  t o  $40,000 and $80,000 r e s p e c t i v e l y .  
The t o t a l  suppor t  area has been estimated t o  c o s t  
The h igh  bay 
These 
approximately $92,100 or $33.81 p e r  square  foo t .  
estimates were based on a w a l l  s t ructure  or 5/8" gypsum board 
over  2 x 4 s t u d s  w i t h  a n  outer cover ing  of 7 02. v i n y l .  I n  
the convent ional  flow support  areas the c e i l l n g s  are p o r c e l a i n  
enameled panels  and the f l o o r  i s  sheet v i n y l  over  t h e  s e a l e d  
s u r f a c e  of the e x i s t i n g  conc re t e  f l o o r .  I n  t h e  laminar  f l o w  
areas cne c e i l i n g  is composed of HEPA f i l ters  w i t h  aluminum 
s e p a r a t o r s  and m e t a l  frames. 
a number of c o n s t r u c t i o n  materials and methods used i n  c l e a n  
rooms, and appa ren t ly  they  make l i t t l e  d i f f e r e n c e  i n  room 
a i r  q u a l i t y .  
The c o s t  
The survey showed that t h e r e  are 
The c o s t  estimates do n o t  i n c l u d e  subcon t rac to r s '  over- 
head o r  p r o f i t ,  nor  any contingency allowance. The s u b c o n t r a c t o r s '  
overhead and p r o f i t  can  be expected t o  i n c r e a s e  the cost by as 
mucn as 25 pe rcen t  on t h e  subcont rac ted  i t e m .  A r easonab le  
co2'cingency allowance on a l t e r a t i o n  j o b s  of t h i s  t ype  i s  10 
pczreent. The estimates also assume that  the b a s i c  a i r  handl ing  
azd  cond i t ion ing  equipment i n  the p l a n t  has s u f f i c i e n t  c a p a c i t y  
20 sup?ly t h e  needs f o r  the assembly and suppor t  areas. 
cost i ncu r red  fo r  t h e  removal of equipment p r e s e n t l y  occupying 
The 
I I T  R E S E A R C H  I N S r l f U T E  
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t h e  space s l a t e d  f o r  t h e  bioclean a rea  i s  a l s o  excluded. The 
e s t ima tes  the re fo re ,  represent  a min ima l  f i g u r e .  
No r e l i a b l e  c o s t  es t imate  f o r  t h e  e thylene  oxide decon- 
tamination chamber could be obtained. Therefore ,  a l l  c o s t  
es t imates  must  be increased  by a sum equal  t o  t h e  c o s t  of  t h i s  
f a c i l i t y .  
I n  add i t ion  t o  the  s t r u c t u r a l  a l t e r a t i o n  c o s t s ,  t h e  
c o s t  of some bas i c  b i o l o g i c a l  assay  and p a r t i c u l a t e  c leaning  
and monitoring equipment i s  required.  These bas i c  equipment 
needs are presented i n  Tables and J .  The major biological ,  
equi3ment c o s t s  i s  for ethylene oxide/steam autoc lave  pass- 
through u n i t s .  Four of these pass-throughs are r equ i r ed  a t  a 
u n i t  cost of $8,000. One w i l l  be used w i t h i n  t h e  b i o l o g i c a l  
sup2ort  a r ea  and one w i l l  s e r v i c e  each of t h e  t h r e e  assembly 
a reas .  The equipment c o s t  fo r  t h e  b i o l o g i c a l  support  a r e a  
only i s  $19,700. The cleaning and p a r t i c u l a t e  monitoring 
equipmeri t  includes an u l t r a s o n i c  c l e a n e r ,  four  laminar f l o w  
work s t a t i o n s ,  a l i g h t  s c a t t e r i n g  a e r o s o l  monitor,  membrane 
f i l t r a t i o n  k i t  f o r  monitoring a e r o s o l s  and uniforms, and another  
f i l t r a t i o n  k i t  fo r  monitoring t h e  c l e a n l i n e s s  of l i q u i d s .  A 
DOP smoke genera tor  and an ae roso l  photometer i s  included so  
t h a t  the  f i l t e r  i n s t a l l a t i o n  may be p e r i o d i c a l l y  l eak  checked. 
The t o t a l  e s t ima te  for t h e  c leaning  and p a r t i c u l a t e  equipment 
i s  $24,500.  
In prepar ing  t h e  modif icat ion c o s t  e s t ima te ,  each 
f a c i l i t y  was given c r e d i t  f o r  t h e i r  p re sen t  f a c i l i t i e s  provided 





BIOLOGICAL SUPPORT AREA 
EQUIPMENT REQUIREMENTS 
- -~ - 
Equipment I tern 
S ize ,  f t  Number T o t a l  
l x h x d  Required c o s t  
~ 
Ethylene oxide-steam auto- 
Germidical immersion tank 
Standard c lean  room benches 
c l ave  pass-through 
pass-through 
2 X 2 X 3  4* 32,000 










M i s  ce 1 laneous glassware 
2 X 2 X 2  
4 x 6 x 7-1/2 
3.4 f t 3  
2 Incubator 
2 R e f  r i g e r a  t o r  
1 Water s t i l l  
1 Microscope 
To ta l  $43,700 
* One pass-through is used within t h e  b i o l o g i c a l  support  area 
and one pass-through i s  t o  s e r v i c e  each of t h r e e  assembly areas. 
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Table  5 
CLEANING AND PARTICULATE MONITORING AREA 
EQUIPMENT REQUIREMENTS 
P - - 
Size ,  f t  Number To ta l  
2,500 
Equipment I t e m  l x h x d  Required C o s t  
1 Ul t ra son ic  c l eane r ,  spray 2 X 2 X 3  
r i n s e ,  d ryer  
Laminar f l o w  c l e a n  work 
Light s c a t t e r i n g  a e r o s o l  
Clean room sampling k i t  
s t a t i o n s  
monitor 
(mi l l i po re  xx 71-047-30 
o r  equiva len t  ) 
Contamination analysis k i t  
(mi l l i po re  xx 71-047-10 
o r  equiva len t )  
DOP smoke genera tor  and 
a e r o s o l  photometer 
1 o x 2 x 2  4 1 2  y 000 







T o t a l  $24,500 
18 
E 
they  w e r e  adequate .  Where they w e r e  cons idered  inadequate  t h e  
c o s t  e s t ima te  included a sum f o r  t h e i r  enlai.gement o r  upgrading. 
I n  t h i s  survey,  t h e  cos t  o f  modifying an e x i s t i n g  
f a c i l i t y  has been compared t o  the  c o s t  o f  an a l l  new b ioc lean  
s u b - f a c i l i t y .  The new s u b - f a c i l i t y  i s  a c l e a n  room complex, 
b u i l t  i n s i d e  a n  e x i s t i n g  s t r u c t u r e  and making use  o f  a l l  t h e  
u t i l i t i e s  and a i r  handl ing  equipment which are assumed t o  be 
a v a i l a b l e  i n  t h e  e x i s t i n g  s t r u c t u r e .  Table  ; shows t h e  e s t i m -  
a t e d  t o t a l  c o s t  of t h i s  s u b - f a c i l i t y .  The layout  i s  shown i n  
Figure 1. 
For f u r t h e r  comparison a n  estimate has  been made f o r  
c o n s t r u c t i n g  a complete b ioc lean  f a c i l i t y  i nc lud ing  t h e  o u t e r  
s t r u c t u r e  and u t i l i t i e s .  No a r c h i t e c t u r a l  s tudy  has  been per-  
formed a l though a basic l ayout  has  had to be assumed. The cost  
estimate fo r  t h i s  complete f a c i l i t y  i s  summarized i n  Table 
and i s  p resen ted  i n  more d e t a i l  i n  Appendix B. 
-7 
IC should be s t a t e d  t h a t  a l though consider;.ble e f f o r t  
has been expended i n  making the c o s t  e s t i m a t e s  r e a l i s t i c ,  t h e i r  
primary va lue  l i es  i n  t h e i r  cons is tency  and hence t h e i r  u s e f u l -  
ness  f o r  comparison w i t h  each o t h e r  and w i t h  t h e  e s t ima ted  c o s t  
of a new s u b - f a c i l i t y  or complete f a c i l i t y .  
I I T  R E S E A R C H  I N S r l T U f E  
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Table 4 
SUMMARY OF ESTIMATED COST OF 
A NEW BIOCLEAN SUB-FACILITY* 
Laminar downflow assembly areas 
Personnel  suppor t  area 
General suppor t  a r e a  
B i o l o g i c a l  suppor t  area 
Personal  suppor t  equipment 
(showers, lockers, e t c , )  
General suppor t  equipment 
( laminar  f l o w  benches, pass - thrus  , 
etc .  ) 
B i o l o g i c a l  suppor t  equipment 
Cleaning and p a r t i c u l a t e  monitoring 
20'  Spacec ra f t  12 '  Spacecraf t  
$210,000 $120,000 
27,000 27,000 
31 ,600 31,600 
33 500 33,500 
20,000 . 20,000 
15  000 15,000 
43,700 43 ,700 
24 ,500 24,500 
$435,300** $315,300** 
* Exclusive of o u t e r  s t r u c t u r e ,  a i r  cond i t ion ing  and cont ingency 
** N o  estimate is  inc luded  for t h e  large ET0 decontamination 
allowances.  
chamber. 
I l T  RESEARCH I N S T I T U T E  
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Table 7 
SUMMARY OF ESTIMATED COST OF 
A COMPLETE BIOCLEAN FACILITY* 
E x t e r i o r  construction** 
I n t e r i o r  cons t ruc t ion  
A i r  condi t ion ing  
U t i l i t i e s  
Light ing 
Power (electric ) 
Plumbing 
Cent ra l  vacuum sys tern 
Communications sys t em 
Equipment 
$93 , 740 
218,800 




38 , 000 
28 , 000 
9,400 
103 , 200 
Sub t o  t a  1 $951,140 
+lo% contingency 95 , 114 
+4% c o s t  rise f a c t o r  38 , 046 
+ p r o f i t  and overhead 18G,700 
$1,265,000*** 
* Area of f a c i l i t y  = 7,400 sq f t .  T o t a l  f l o o r  a r e a  = 18,600 
** For assembly of t h r e e  20' spacec ra f t .  
**$< No es t ima te  i s  inc luded  f o r  t h e  l a r g e  ET0 decontamination 
sq ft. See Appendix B fo r  approximate layout .  
cQ amb e r . 
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4 .  GENERAL CO?'IMENTS ABOUT THE SURVEY 
Some general comments of the survey team members who 
conducted the facility survey are enumerated below. These 
comments are not reflections from a single inspection but are 
the impressions that the team members obtained atter visiting 
32 facilities. The comments suffer the same disadvantage as 
all generalizations in that notable exceptions do exist and the 




3 .  
4. 
5. 
There is not a laminar downflow area of sufficient 
size to meet the space requirements for the assembly 
of either the 12 ft craft or the 20 ft craft. 
The facilities and plants of the Aerospace Industry 
are extremely adaptable and building modifications 
are readily accomplished. 
The quality assurance personnel in industry seem 
to be well versed in comtamination control. 
Industry is just beginning to think seriously about 
the bioclean assembly of equipment. Despite some 
competent and complete life sciences divisions 
within their corporate structure, the contamination 
control engineer and biological scientists do not 
yet appear t o  have combined their talents in a 
manner that would be required for successful bio- 
assembly. 
There appears to be an interest in contamination 
control but mainly as a contractual obligation, 
Thus contamination control requirements musc be 
spelled out in detail in all contracts. 
I I T  R E S E A R C H  I N S T I T U T E  
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Indus t ry  seems ready t o  provide t h e  f a c i l i t i e s  
which will m e e t  contractual o b l i g a t i o n s  wi th in  t h e  
framework of contamination c o n t r o l .  
Except i n  a genera l  way t h e r e  i s  no knowledge of 
how upgrading t h e  work assembly environment a i d s  
o r  promotes r e l i a b i l i t y .  
Many companies tend t o  c l a s s i f y  their  rooms at  a 
design level r a t h e r  than an ope ra t ing  l e v e l .  Many 
i n d i c a t e d  t h a t  t h e i r  p re sen t  c l e a n  rooms could be 
upgraded considerably i n  q u a l i t y  by t i g h t e n i n g  con- 
t r o l s ,  bu t  they have never a c t u a l l y  operated t h e  
rooms a t  t h e  ind ica t ed  l e v e l .  Such c l a i m s  w e r e  
u sua l ly  r e j e c t e d  by t h e  I I T R I  survey teams and the 
room c l e a n l i n e s s  p o t e n t i a l  w a s  eva lua ted  indepen- 
den t ly  by t h e  teams. 
There appears  t o  be  a tendency t o  overcrowd c l ean  
rooms wi th  both  personnel and ins t rumenta t ion  so 
t h a t  t h e  rooms have a very c l u t t e r e d  appearance 
and t h e  a i r  q u a l i t y  i s  compromised. 
The h o r i z o n t a l  laminar flow rooms d i d  not  m e e t  
Federa l  Standards Class 100 c l e a n  room c l a s s i f i c a t i o n  
p a s t  t h e  f i r s t  work s t a t i o n  and degradat ion can be 
q u i t e  r a p i d  as a func t ion  of room length.  
HEPA f i l t e r s  w i t h  aluminum s e p a r a t o r s  and m e t a l  
frames* have been found t o  be s a t i s f a c t o r y  for 
Class 100 c l ean  rooms. Other types of f i l t e r  con- 
s t r u c t i o n  should be c a r e f u l l y  assessed  be fo re  being 
s p e c i f i e d .  
~ 
~ * 
Ke have r e c e n t l y  become aware of d i f f i  l t ies  wi th  ob ta in ing  
leakproof media t o  m e t a l  f rame j o i n t s .  €Y 




12 .  Tra in ing  programs f o r  c l ean  room personnel should 
be expanded and medical check-ups i n i t i a t e d .  
13.  I n  most ins tances  the  personnel  working wi th in  a 
c l ean  a r e a  obey t h e  r u l e s  and r egu la t ions  l a i d  
down f o r  them i n  t h e  company's procedural  manual. 
5. GENERAL CONCLUSIONS 
A t o t a l  of  t e n  of t he  th i r ty - two  f a c i l i t i e s  v i s i t e d  
were found t o  be s u i t a b l e  f o r  modi f ica t ion  t o  b ioc lean  assembly 
a reas  f o r  t h e  20' spacec ra f t .  An a d d i t i o n a l  s i x  w e r e  s u i t a b l e  
f o r  modif icat ion t o  b ioc lean  assembly a r e a s  f o r  t h e  1 2 '  space- 
c r a f t .  
t i o n  chamber) r e s u l t i n g  from t h e  use of  e x i s t i n g  f a c i l i t i e s  
ranged from 10040% compared t o  t h e  c o s t  of a new s u b - f a c i l i t y  
f o r  1 2 '  s p a c e c r a f t ,  7929% of  a new s u b - f a c i l i t y  f o r  20' space- 
c r a f t  and 68076% of a new complete f a c i l i t y  f o r  20'  spacec ra f t .  
The est imated cost saving (excluding t h e  ET0 decontamina- 
1 : ~  f a c i l i t y  had a Class 100 laminar downflow 
c l ean  room of adequate s ize  f o r  t h e  simple reason  t h a t  t h e r e  
has been no previous requirement f o r  such s t r i n g e n t  c l e a n l i n e s s  
i n  such l a r g e  assembly areas. 
modif icat ion has t o  inc lude  laminar downflow high bay c l e a n  
rooms. Furthermore, i t  i s  the lack  of  h igh  bay space ad jacent  
t o  e x i s t i n g  f a c i l i t i e s  which has  been t h e  major reason f o r  
l i s t i n g  so  many a s  unsu i t ab le  f o r  t h e  modif icat ion.  
thar: t h e r e  w i l l  now be a requirement f o r  t hese  f a c i l i t i e s  i s  
beicg recognized by t h e  indus t ry  and they  a r e  c l e a r l y  prepared 
t o  provide t h e  necessary b ioc lean  rooms. 
Thus, i n  a l l  cases  t h e  c o s t  of  
The fac t  
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Appendix A 
ORGANIZATIONS VISITED FOR $LOCLEAN ROOM SURVEY 
(Selected a s  a c r o s s  s e c t i o n  of 
i n d u s t r i a  1 f a c i l i t i e s  ) 
~~ - 
Company Location 
B e l l  Aerosystems Company 
Bendix Corporation 
Boeing Company 
Chrys ler  Corporation 
Douglas A i r c r a f t  
Eastman Kodak Company 
General Dynamics Corp. 
General  Electr ic  
Grurnrnan A i r c r a f t  Engin- 
Honeywell Aeronaut ical  
Hughes Aircraft Company 
Ling-Temco-Vought , Inc.  
Lockheed A i r c r a f t  Corp.  
Martin Mar i e t t a  Corp. 
Marquardt Corporation 
McDonnell A i r c r a f t  Corp. 
# e e r i n g  Corporation 
Divis ion 
Buffalo,  New York 
,Teterboro,  New J e r s e y  
S e a t t l e ,  Washington 
New Orleans,  La. 
Santa Monica, C a l i f .  
Rochester,  New York 
Pomona, C a l i f o r n i a  
Valley Forge, Pa. 
z 
Bethpage, L . I . ,  N.Y. 
S t .  Petersburg., F l a .  
E l  Segundo, C a l i f .  
Da l l a s ,  Texas 
Van Nuys, C a l i f .  
Baltimore,  Marylana 
Van Nuys, C a l i f o r n i a  
S t .  Louis,  Missouri  
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* 
Company Location 
Middletown A i r  Ma te r i e l  Olmsted A i r  Force Base 
Area 
NASA-Marshall Space F l i g h t  Hun t sv i l l e ,  Alabama 
Center  
Northrop Space Laborator ies  Hawthorne, C a l i f o r n i a  
Radio Corporation of  Pr inceton,  New Jersey 
America 
Republic Aviation Corp. Farmingdale, L . 1 ,  , 
New York 
North American Aviation Canoga Park,  C a l i f .  
Inc  . , Rocke tdyne Div 
Sandia Corporation Albuquerque, N. M. 
TRW .. I -,.. . Redondo Beach, C a l i f .  
United A i r c r a f t  Corp. , Norwalk, Connecticut 
Norden Divis ion 
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Appendix B 
COST ESTTMATE FOR T I ~ E  CONSTJXiiCTION 
OF A COMPLETE BIOCLEAN F A C I L I T Y  
An es t ima te  has been prepared f o r  t h e  cons t ruc t ion  o f  
a bu i ld ing  s t r u c t u r e  t o  house t h e  b ioc lean  f a c i l i t y  d iscussed  
e a r l i e r  and shown i n  F i g u r e  i o  An o u t l i n e  of the  bu i ld ing  i s  
given i n  Figure B-1 which has been drawn only f o r  t h e  purpose 
of e s t i m a t i n g  c o s t s .  This f i g u r e  r ep resen t s  n e i t h e r  an  a rch i -  
t e c t u r a l  design nor a recommended s t r u c t u r e .  
bu i ld ing  is  shown i n  Figure E-2 .  
A ske tch  of  t h e  
A minimal type of design concept w a s  assumed, i . e . ,  a 
concept inc luding  minimal, but adequate ,  f l o o r  a r e a  and f a c i l i t i e s .  
These are enumerated a s  foiiows: 
1. Floor P l a n  
I n  gene ra l ,  t h e  f l o o r  p lan  i s  t h e  same as was 
recommended f o r  modifying e x i s t i n g  f a c i l i t i e s .  The o v e r a l l  a r ea  
was increased  somewhat t o  make room f o r  v e r t i c a l  runs of a i r -  
condi t ion ing  ductwork. 
t 





B. BIOLOGICAL SUPPORT AREA 
C. GENERAL SUPPORT AREA 
0. LAMINAR DOWN FLOW ASSEMBLY AREA. 25 FOOT CEILING HEIGHT 
E. ET0 OECONTAMiNATION CHAMBER. 25 FOOT CEILING HEIGHT 
F. RETURN AIR DUCTS 
o PASS - THRUS 
H DOORS 
GZU HIGH BAY DOORS 
O H l G H  BAY 
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FIGURE 82: ARTIST'S CONCEPTION 
OF COMPLETE BIOCLEAN FACILITY 
31 
2.. Facilities 
One consideration of the minimal design is that the 
installation will be used by persgnnel of the same sex (men). 
Thus, only one set of toilet, shower room, locker room, 
personnel dryer, and bioclean locker room facilities has been 
provided. If employees of both sexes will be required, dual 
facilities will be needed. . -  
3. Decontamination Chamber 
The decontamination chamber serves as an egress for 
the spacecraft at various times during assembly for test 
purposes. Upon return of the spacecraft it can be decontamin- 
ated with ethylene oxide and cleaned in this chamber before 
being readmitted to the assembly areas. 
4 .  Shipping and Receiving Area 
The assumption was made at the onset of this program 
that the components and subassemblies to be received into.the ' .  
3 bioclean facility will be less than 1 ft in size and less than -'* 
100 lbs. in weight; thus, no receiving docks.or.elaborate 
materials receiving provisions were incorporated into the u 
design. Similarly, no shipping department" was provided 11 
for, since the bioclean assembly building was considered as 
ar, additional building to an existing manufacturing complex 
which already contains a complete shipping and receiving- 
facility . 
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5. Basis of Cost E s t i m a t e  
Since a d e t a i l e d  design was not  prepared but only 
a has ty ,  rudimentary design concept,  t h e  cos; estimate had t o  
be based upon block f i g u r e s  and known percentages f o r  t h e  most 
p a r t .  
t h i s  method i s  considered to give  reasonably accu ra t e  results.  
The main source of e r r o r s  w i l l  s t e m  from an erroneous e s t ima te  
of t h e  bui ld ing  s i z e ;  t he re fo re ,  t h i s  f a c t o r  should be c a r e f u l l y  
evaluated.  With regards  t o  t h i s  p a r t i c u l a r  estimate, where t h e  
o b j e c t i v e  was a minimal desigr, and where design d e t a i l s  w e r e  
not  completely worked out, t he  es t imated  b u i l d i n g  s i z e  may be 
For l a r g e  cons t ruc t ion  projects of t h i s  type ,  however, 
t oo  low. 
6 .  Construct ion Features 
The fol lowing b r i e f  d e s c r i p t i o n s  of cons t ruc t ion  
features were t h e  b a s i s  of t h i s  c o s t  e s t ima te .  
a )  Foundation 
Reinforced concrete  f l o o r  and w a l l s ,  f l o o r  s u r -  
f ace  hardened and dlist proofed wi th  t w o  c o a t s  of l i q u i d  du’st 
proofing.  
t i es ,  patching,  and carbarundum rub where needed. 
s u r f a c e  of w a l l s  and floor a r e  waterproofed wi th  3 p l y  f a b r i c  
F in i sh ing  of  foundation w a l l s  c o n s i s t s  o f  breaking 
E x t e r i o r  
membrane 
b) =- 
Ground f l o o r  cons t ruc t ion  c o n s i s t s  of metal  
pan concrete  s l a b  i n  all areas  o t h e r  than  t h e  laminar downflow 
areas, Concrete i s  s u r f a c e  hardened, dus t  proofed, and covered 
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w i t h  1/8 inch t h i c k  s h e e t  v iny l .  All j o i n t s  a r e  s e a l e d  and 
co rne r s  a r e  coved. I n  laminar downflow a r e a s ,  t he  f l o o r  con- 
s i s t s  of  1-1/2 inch deep stainless s tee l  g r a t i n g  supported on 
epoxy coated s t r u c t u r a l  s teel  beams t o  minimize dus t  and fac i l i -  
t a t e  c leaning .  
conc re t e  s l a b ,  s u r f a c e  hardened, and dus t  proofed. Vinyl 
covering w a s  no t  considered on t h e  second f l o o r .  
Second f l o o r  cons t ruc t ion  c o n s i s t s  o f  metal pan 
c )  Building Enclosure . 
Consis t s  of s t r u c t u r a l  s t e t1  framing suppor t ing  
e x t e r i o r  w a l l s  of aluminum sandwich cons t ruc t ion ,  3 inches t h i c k  
i n s u l a t e d ,  and wi th  a porce la in  enameled f i n i s h  on t h e  i n s i d e  
s u r f a c e  and a baked enamel f i n i s h  on t h e  ou t s ide .  All j o i n t s  
are s e a l e d  wi th  p l a s t i c  caulking and taped t o  p re sen t  a smooth 
s u r f a c e .  
The roof  i s  comprised of  2 inch p r e c a s t  gypsum 
planking supported by s t r u c t u r a l  s tee l  roof j o i s t s  and covered 
w i t h  5 p l y  bu i l t -up  roof ing .  
d )  I n t e r i o r  Walls 
These c o n s i s t  of 5/8 ir. i n y l  covered ypsum b 
on metal  s tuds  wi th  a l l  j o i s t s  s e a l e d  and taped. Hor izonta l  
laminar flow areas have one w a l l  (supply w a l l )  comprised of 
rd  
I 
HEPA f i l t e r s  connected by s t a i n l e s s  s t ee l  supply plenum and an 
oppos i te  w a l l  ( r e t u r n  w a l l )  comprised of roughing f i l t e r s  set 
i n t o  a s t a i n l e s s  steel r e t u r n  a i r  plenum. 
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e )  Cei l ings  
The c e i l i n g s  i n  the  laminar downflow rooms c o n s i s t  
of HEPA f i l t e r s  se t  i n  a s t e e p  suppor t ing  g r i d  which, i n  t u r n ,  
i s  supported by t h e  roof trusses. 
w i t h  g l a s s  prism lenses  a r e  recessed f l u s h  wi th  t h e  c e i l i n g  i n  
continuous i l lu r r ina ted  s t r i p s  about one foo t  wide and spaced 
. about 5 feet  a p a r t .  The l i g h t s  and HEPA f i l ters  are se rv iced  
from appropr i a t e  catwalks wi th in  t h e  supply a i r  plenum above 
t h e  c e i l i n g .  This plenum (about 5 f e e t  h igh)  i s  formed of 
s h e e t  aluminum and is  supported by t h e  rcof  t r u s s e s .  
Fluorescent  l i g h t i n g  t r o f f e r s  
The c e i l i n g s  i n  the  o t h e r  a reas  c o n s i s t  or porce la in  
enameled panels i n  a support ing s tee l  g r i d  wi th  s t r i p  l i g h t i n g  
s imilar  t o  t h a t  of t h e  laminar downflow rooms. 
f )  General 
The 10 f o o t  deep basement provides  space f o r  a i r -  
condi t ion ing  ductwork, piping,  miscellaneous s e r v i c e  l i n e s  and 
mechanical equipment, such as pumps, compressors,  steam gene ra to r s ,  
ET0 system, c o n t r o l s  f o r  louvers regulaCing laminar downflow, 
e tc .  
cond i t ion ing  equipment and f o r  ductwork. 
The second floor provides space f o r  a i r  handl ing and a i r -  
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a .  
3c 
b. 
Ex te rna l  Construction 
Earthwork (clear, excavate t r ench ,  
l a y  sewers, b a c k f i l l  and tamp ) 
Concrete ( foundat ions,  foo t ings ,  columns, 
basement f loor ,  su r face  f i n i s h ,  waterproof) 
. Building frame ( s t e e l  framing) 
E x t e r i o r  wa l l s  (aluminum sandwich panels  
3" t h i ck ,  po rce l a in  enamel f i n i s h  i n s i d e ,  
baked enamel ou t s ide .  J o i n t s  caulked 
and taped) 
Roof (2" p recas t  gypsum planking covered 
wi th  5 p ly  bui l t -up  roof ing)  
To ta l  f o r  e x t e r i o r  cons t ruc t ion  
I n t e r i o r  Construction 
1st f l o o r s  (metal pan concrete  s l a b  6" 
t h i c k .  Surface hardened, dust-proofed 
covered 1/8" v i n y l . )  
1st f l o o r  ( s t a i n l e s s  s teel  g r a t i n g  i n  
assembly a reas )  
2nd f l o o r  ( m e t a l  pan concrete  s l a b  6" 
t h i c k .  Surface hardened, dust-proofed.)  
P a r t i t i o n s  ( 5 / 8 "  v i n y l  covered gypsum board 
on both s i d e s  of metal  s t u d s ,  j o i n t s  s ea l ed  
and taped.)  
HEPA f i l t e r s  (with plenum i n  h o r i z o n t a l  
laminar flow rooms, with frames i n  v e r t i c a l  
laminar flow a r e a s )  
Roughing f i l t e r s  
Plenum (above v e r t i c a l  laminar flow a r e a s ,  


















c a - 
b. I n t e r i o r  Construction (Cont 'd) 
Ce i l ing  ( i n  h o r i z o n t a l  f l o r  rooms, po rce l a in  
enamel panels i n  s tee l  support  g r i d )  
Large doors (24 '  x 2 4 ' )  
13 ,000 
25,000 
Accessories (s tandard doors, viewing windows, s ta i rs ,  e tc . )  11,000 
T o t a l  f o r  i n t e r i o r  cons t ruc t ion  $218,800 




tower, pumps, p ip ing ,  a i r  handl ing 242,000 
M a i n  u n i t  (hea t ing ,  cool ing,  
Major duc ts  (galvanized s teel)  62,000 
Control  ( louvres  and balancing va lves  and mechanisms) 14,000 
Control panel  ( recorders  and continuous c o n t r o l )  25,000 
T o t a l  f o r  air condi t ion ing  $343,000 
d. U t i l i t i e s  
Light ing ( f i x t u r e s  and wir ing)  36,000 
?ower (e lectr ic  mater ia l s  and i n s t a l l a t i o n )  81,000 
Plumbing (mis ce 1 laneous mater ia  Is and 
i n s  t a 1 l a  t ion )  38,000 
Vacuum ( c e n t r a l  system) 28,000 
Communication (TV monitor,  v i s u a l ,  intercom) 9,400 







Personnel support area (showers , lockers, 
etc.) $20,000 
General support area (1aminar.flow benches, 
pass-thrus, etc.) 15 , 000 
Biological support area (glassware, ovens, 
incubator, immersion tank, etc.) 4 3  , 700 
Cleaning and particulate monitoring 
equipment 24,500 
Total for equipment $103,200 
Estimated total cost of complete 
facility $951,140 
It should be noted that no estimate has been included 
.. . 
for the large ET0 decontamination chamber. 
estimate represents a minimal cost for such a facility, 
Further, this 
Additional allowances of 10% for contingencies, 4% as 
a cost rise factor and 25% for a profit and overhead allowance 
on a11 costs except the air-conditioning estimate bring t.he 
overall estimated total cost to $1 ,265 ,000 .  * 
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